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Bonding character

Diatomic molecule with expected bonding character
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Diatomic molecule with expected bonding character
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Reversing the bonding character
In thin elastic plates

Bonding
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Fourth order plate to thin elastic plate

Fourth order plate

V*u =0 on domain

u=Vu =0 -clamped on boundary
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Fourth order plate to thin elastic plate

Fourth order plate Thin elastic plate (Foppl-von Karman)
V*u =0 ondomain V*u — TV?u =0 on domain
u=Vu =0 -clamped on boundary u=Vu =0 clamped on boundary
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Thin elastic plate (FOoppl-von Karman)

Full dynamical equation
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Full dynamical equation
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Full dynamical equation
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Rescale

y/L, t =tyD/(pL*)

Xx=x/L,y

Non-dimensional form
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2D coupling

Eigenvalue problem
Viu — TV?u = w?u
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COMSOL implementation

Eigenvalue problem

Viu — TV?u = w?u

Eigenvalue Study in General Form PDE

22 eau Adu+V.T =f
[ul,u2,u3, u4,us]’

lax dy
ud, + 2u5, — Tul, u5, — Tuly 0
ul 0 uz2
[ = 0 I = ul f=|u3
uz2 0 u4
0 : L u3 - LU 5




COMSOL implementation

Eigenvalue problem
Viu — TV2u = w?u — We get 5 sets of equations

D) (4, + 2uSy, +uSyy ) — T(ul,, + u1yy) = dul

Eigenvalue Study in General Form PDE D) u2 = ul, D u3 = uly
2eu—Adgu+V.T =f V) ud = u2, V)us =u3,
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COMSOL implementation

Eigenvalue problem

Viu — TV?u = w?u

Eigenvalue Study in General Form PDE

22 eau Adu+V.T =f
[ul,u2,u3, u4,us]’

lax dy
ud, + 2u5, — Tul, u5, — Tuly 0
ul 0 uz2
[ = 0 I = ul f=|u3
uz2 0 u4
0 : L u3 - LU 5

— We get 5 sets of equations

D) (4, + 2uSy, +uSyy ) — T(ul,, + u1yy) = dul
I u2 =ul, ) u3 = ul,

V) ud = u2, V) us = u3,

Which simplifies to

0*ul +64u1 . 62u1+62u1 ol
oy* 0x2 = 0y? ) wh

0*ul N
dx*

2
0x20y?
Viul — TV?ul = Aul



Band structure calculation

Bloch periodicity:
ukx (x, Y) = eikxx¢kx (x, J’)
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Band structure calculation

Bloch periodicity:

Bloch periodicity: ug, (x,y) = e ¢ (x,y)
u, (x,y) = e*¢,_(x,y) ug, (6, ) = e"r*dyx, y)
1D lattice 18t Brillouin zone
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Band structure calculation - 1D
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Band structure calculation - 2D

18t Brillouin zone
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Mapping to a discrete spring mass model

P. Karki and J. Paulose, Physical Review Applied, 2021.
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Band structure of 1D chain

Periodic boundary condition

Normalized frequency w/w .

o COMSOL — Theory
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0.861

Quasi-momentum q



Band structure of 1D chain

Periodic boundary condition

Normalized frequency w/w .
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Band structure of 1D chain

Periodic boundary condition

Normalized frequency w/w .
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Stopping and reversing sound

Gaussian wave-packetu(n,t) =) ¢, e'@=n"w(@)ie —(
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Stopping and reversing sound

a4z —dg \2
Gaussian wave-packetu(n,t) = Y ¢, ¢/(@nw@)0~(*5")
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Stopping and reversing sound

a4z —dg \2
Gaussian wave-packetu(n,t) = Y ¢, ¢/(@nw@)0~(*5")
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Stopping and reversing sound




Stopping and reversing sound
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Rescaled time w,t

Stopping and reversing sound

COMSOL Disorder,. %_of T and &,
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Potential experimental system

Graphene

Benjamin Aleman group, University of Oregon



Summary in 1D

Vibrational modes crossing

Changing dispersion character
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Singular flat band in 2D
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Singular flat band in 2D
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 \We created a custom model for coupled thin-plate elastic
resonators

* We modified the bonding character of the ground state of a
fourth order coupled thin-plate elastic resonator system via
prestress modulation

» We imported solutions from eigenvalue problem to time-
dependent studies to perform dynamical simulations



